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wci‘0 >spocifie(l to fix the origin and ojiantiomorph and Bomc 
df^rivod uning HI rcilations and j)air Halations. Using tUo basic set 
of phas(".s atid thfi (^ osiiio valiuis of tlic asstx'-iatod structnro invariants, 
an initial sot of 52 phases wore ()})taiued. Tlu« was used as input 
in tjie tangent formula so that a total of 295 pleases were derived. 
On (jomputing mi A'-maj), 28 noidiydrogon atoms out of 33 were 
obtained.
1. iNTliOOUCTION
Since 1959 a number of structures havt; beini .solved by direct methods using 
tli,e cosine values of the structunMnvariants, cos(^ |-^ H ), whore
'*1 "2 '*a *
-]-h^ ~  5, described by Karle & Hauxhman (1957). The structure of 
strychnine sulfonic acid tcitrahydratc CaiHo.^ NaOo. 4H2O has also been 
solved by thci above method. Strychnine sulfonic acid tc^trahydrate crystallizes 
in space group P2f2^2^ witlt one molecule in the asymmetric unit. The cell 
dimensions are
a ^  14-007 ±0-004A, 
h =  20-379±0-005l, 
c =  7-441 ±0-0031.
The present paper describes the procedure used to obtain an initial set of 
about 52 x>has(is for solving the structure. The initial set of phases consists of 
those specified to fix the origin and enantiomoj j^h (Hauptman et al 1956) and 
those derived using the HI relations (Hauptman et al 1953) and also pair relations
* "J^ lio struoLiivo solved at “Tho Workshop on tho uso of Structure Invariants in Phase 
Botorrniaatioii'’, Medical Foundation of Buffalo and SUNY/Buffalo, July 10-30, 1972. 
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(Haupiman 1972) whidi together form the basic sot of pliases. Corresponding 
to ea(;lj. diHtinct pair "" ^ h )
the permissible phase (=  <l>^ ) is found using the cosine value of the associated
structure invariant The new phase is added to the basic
set of known phases and the process repeated to obtain an initial set of about 
52 phases. The initial sot of phases thus obtained are used as input in the tangent 
formula (Hauptman et al 1956) which is used to determine about 243 additional 
phases. Subsequently, 28 of the nonltydrogen atoms wore found from tlui .^-map 
based on all 295 phases. Tlie details of the striicturo has been published by 
Sakegowda, Cartz & Natarajan (1973).
2. S t r u o tu ee  A n a l y s is
The two dimensional reflections with their normalized structure factors 
\^\obs >  1*5 are given in table 1. The values of throe linearly independent 
phases of reflections from this table are arl)itrarily specified thus fixing the origin. 
One more phase is arbitrarily sj)ocjfiod to fix the enantlomorph. Tlie origin 
ve.ctors and onantiomorph vector are so clmsen that their normalized structure 
factors are large and will interact with many triplets having lajge 
values. Table 2 shows the assignment of origin and onantiomorph.
Tn space F2^2^2^, Si relations arci used to find the phases of the typii 
0(2//., 2fc, 0), ( p ( 2 h , 0 , 2 l )  and 0(0,2fc, 2J). The SI indications for reflections 
having 17^ 71 >  f ‘5 are shown in table 3. A phase is considered to be deter­
mined if its probability value is greater than 75% and having large Ecaic value. 
Using this criterion, the phases of the reflections (12, 0, 0), (6, 20, 0) and (4, 8, 0) 
arc5 added to the basic set, and n, 0, tt are the phase of (12, 0, 0), (6, 20, 0) and 
(4, 8, 0) reflections derived from SI relations. Table 3 also gives the true phases 
of the reflections derived from the structure.
Tn addition, pair relations have proved useful in deriving the phases of 
si'veral important reflections. In  space group P2^2^2^ the two tjqoos of paired 
formulae that exist allow the cosine sominvariants cos(0i |~02) to be computed 
from the normalized structure factors. In table 4, the data for 56 pairs are 
presented out of 207 between strongest two dimensional reflections needed in 
phase determination. They are listed in the order in which the phases are derived. 
A few pairs play a secondary role in th a t they provided suxiporting evidence 
Avith two dimensional and throe dimensional triplets.
In determining phases using pairs, a few conflicts are observed. For example, 
(6j 19,1) pair with (0,13, 3). There is a strong indication that 0(0,19,1) should 
be 7r/2. However, (0,1, 5) pairs with (0,13, 3) and (0, 7, 3), and 0(0,1, 5) should 
bo 7t/2, 80 that there is a reasonable indication to believe that 0(0,19,1) should
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be — w/2. Again (0,17,1) pairs with (0,7,3) and (0,19,1), and (0,17,5) pairs 
with (0,17,1) and (0,19,1). The conflicts are lessened by accepting the phase 
of ^(0,19,1) as 7112.
Table 1. Two dimensional reflections with |iSl ot* >  1-5 arranged according
to parity
0 9 9 0 9 u 1^1 0 u 9 1^1
0 20 1 2.921 0 7 2 2.148
0 16 2 2.431 0 16 1 2.430 0 1 4 2.007
0 12 6 2.032 0 18 3 2.166 0 9 4 1.684
0 6 2 1,967 0 8 7 1.683 0 3 6 1.608
0 6 4 1.906 0 4 6 1.678
0 16 4 1.868 0 14 3 1.543
0 8 2 1.628 0 6 5 1.506









ff 0 g \E\ g 0
0 13 3 2.448 2 0 2 1.529 10 0 3 1.084
0 17 6 2.211 12 0 2 1.500 14 0 6 1.924
0 19 1 1.993 6 0 5 1.616
u 0 9 )E\ U 0 u 9 9 0 \E \
13 0 6 2.373 3 0 5 1.676 2 16 0 2.700
13 0 4 1.904 14 10 0 2.626
11 0 4 1.809 4 8 0 2.155
7 0 4 1.635 6 12 0 2.073
12 0 0 2.072
12 8 0 1.792
12 4 0 1.684
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Table 2. Assignment of origin and enantiomorph
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h \E\ <!>
0 13 3 2.448 7T/2 -
0 16 1 2.430 0 origin spocilication
7 5 0 2.308 — 77/2 _
1 18 0 2.704 7t/2 enaniiomorph
le 3. XI results fur Hirychnino sulfonic acid tctrahydra
h ^calc P4^h> True phaso
12 0 0 2.07 - 4 .0 7 0.06 77
12 4 0 1.68 1.62 0.57 0
4 S 0 2.16 - 4 .8 4 0.23 77
12 8 0 1.79 1.14 0.55 0
14 10 0 2.63 - 2 .2 1 0.35 77
2 16 0 2.70 - 2 .2 4 0.35 77
6 20 0 2.07 8.16 0,85 0
2 0 2 1.53 - 2 .0 3 0.32 77
12 0 2 1 .50 - 0 .4 7 0.46 77
0 6 2 1.97 1.91 0.66 0
0 8 2 1.63 - 0 .5 5 0 .46 77
0 16 2 2.43 -1 .5 4 0.34 0
0 6 4 1.91 1.86 0.65 0
0 16 4 1.86 3.01 0.73 0
0 6 (j 1 .50 - 2 .7 3 0.33 77
0 12 6 2.03 1.10 0.60 77
Table 4. S2 triplets for largo contributors (both A >  1) for selected pairs.
SI.
No.
ft, *2 ft« ^(134) ^(234) CTB
42 0 16 1 0 8 7 5 12 4 6 4 3 1.54 1.07 - 1 3 5 .0
43 0 16 1 0 8 7 11 12 4 11 4 3 1.93 1.33 -3 1 4 .0
51 0 20 1 0 8 7 0 14 3 0 6 4 1.84 1.06 - 1 5 7 .0
52 0 20 1 0 8 7 8 14 3 8 6 4 2.23 1.28 -2 6 9 .0
53 0 20 1 0 8 7 10 14 3 10 6 4 2.02 1.16 -2 1 2 .0
36 0 10 1 0 18 3 0 17 1 0 1 2 1.27 1.12 77.0
36 0 16 1 0 18 3 12 17 1 12 1 2 2.22 1.97 455.0
44 0 20 1 0 18 3 0 19 1 0 1 2 1.65 1.22 96.0
37 0 16 1 0 4 5 6 10 3 6 6 2 1.45 1.00 137.0
38 0 16 1 0 4 5 10 10 3 10 6 2 1.50 1.04 148.0
39 0 16 1 0 4 5 12 10 3 12 6 2 1.62 1.12 186.0
45 0 20 1 0 4 5 9 12 2 9 8 3 2.69 1.64 466.0
46 0 20 I 0 4 6 11 12 2 11 8 3 2 .19 1.26 242.0
58 S. Natarajan and Doddahalli S, Sakegowda




h. h,2 ^(134) ^(234) CTB
87 0 7 3 0 13 3 12 10 3 12 3 0 1 .39 1.91 -3 0 0 .0
88 0 7 3 0 13 3 2 10 0 2 3 3 1.10 1.61 -1 3 9 .0
89 0 7 3 0 13 3 14 10 0 14 3 3 1,26 1.76 -1 4 9 .0
00 0 7 3 0 1 6 12 4 4 12 3 1 1.62 1.69 -3 6 5 .0
95 0 13 3 0 1 5 10 7 1 10 6 4 1.39 1.06 116.0
06 0 13 3 0 1 5 12 7 1 12 6 4 2.42 1.86 550.0
80 0 19 1 0 13 3 11 16 2 11 3 1 1.27 1.66 165.0
81 0 19 1 0 13 3 13 16 1 13 3 2 1.23 1.61 147.0
82 0 19 1 0 1 5 8 10 3 8 9 2 1.08 1.02 -1 0 0 .0
83 0 19 1 0 1 5 10 10 3 10 9 2 1.14 1.08 -1 1 2 .0
84 0 19 1 0 1 6 10 14 3 14 9 2 1.12 ] .06 -1 0 4 .0
47 0 20 1 0 6 6 0 13 3 0 7 2 3.30 1.70 -7 8 0 .0
48 0 20 1 0 6 6 12 13 3 12 7 2 2.20 1.13 -2 7 3 .0
49 0 20 1 0 6 6 3 13 2 3 7 3 2.16 1.11 -2 4 6 .0
56 0 18 3 0 6 5 8 12 1 8 6 4 2.45 1.71 -7 9 6 .0
198 7 6 0 0 1] 0 M 8 2 1 3 2 1.21 1.29 - 8 8 .0
100 7 6 0 9 11 0 8 8 4 1 3 4 1.26 1.36 - 9 9 .0
200 7 6 0 9 11 0 8 3 6 1 8 6 1.00 1.08 - 4 6 .0
74 0 17 1 0 7 3 8 12 1 8 5 2 1.16 1.13 -1 0 5 .0
72 0 17 1 0 19 1 0 18 3 0 1 2 1.12 1.22 118.0
73 0 17 1 0 19 1 0 18 3 0 1 4 1.71 1.86 • 478.0
86 0 19 1 0 17 5 0 18 3 0 1 2 1.22 1.35 -1 1 8 .0
76 0 17 1 0 17 5 1 17 3 1 0 2 1.06 1.28 -1 1 2 .0
77 0 17 1 0 17 5 0 18 3 0 1 2 1.12 1.36 -1 1 8 .0
78 0 17 1 0 17 5 0 13 3 0 4 2 1.44 1.73 264.0
50 0 20 1 0 20 6 0 13 3 0 7 2 3.30 1.66 -7 8 0 .0
60 0 6 5 0 20 5 0 13 3 0 7 2 1.70 1.65 780.0
67 0 18 3 0 20 5 0 19 1 0 1 4 1,86 1.26 380.0
10 0 6 2 0 16 2 7 11 2 7 5 0 1.62 2.01 334.0
11 0 6 2 0 16 2 13 11 2 13 5 0 1.00 1.23 66.0
12 0 16 2 0 16 2 9 11 0 9 5 2 1 .05 2.41 642.0
4 0 4 2 0 6 2 12 6 0 12 1 2 1.02 1.36 -1 8 0 .0
5 0 4 2 0 6 2 0 6 7 0 1 6 1.12 1.47 -2 6 8 .0
68 0 9 4 0 3 6 9 6 5 9 3 1 l.,39 1.33 348.0
60 0 9 4 0 3 6 11 6 6 11 3 1 1.19 -- 1.13 226.0
180 7 2 0 1 18 0 4 8 1 3 10 1 1.33 2.13 -2 9 6 .0
193 11 3 0 7 3 0 9 19 0 2 16 0 1.86 1.63 803.0
194 11 3 0 9 11 0 10 7 3 1 4 3 1.10 1.68 201.0
189 5 10 0 1 18 0 3 14 5 2 4 6 1.13 1.52 -1 1 1 .0
182 3 6 0 3 20 0 3 13 2 0 7 2 1.20 1.34 247.0
183 3 6 0 3 20 0 3 7 3 0 13 3 1.83 2.04 778.0
184 3 6 0 3 20 0 12 13 0 9 7 0 1.37 1.52 372.0
190 6 10 0 3 20 0 4 6 4 1 16 4 1.14 1.02 92.0
There axe throe indications to show that ^(0,17,5) should be —tt/2 and one 
indication that it should be +ir/2. Similarly, there is a strong indication that 
20,5) should bo it and one weak indication to al^ ow that it sliould be zero. 
The conflicts aro resolved by changing the sign of the cosines wherever necessary. 
This is strongly favoured since the triple product and the MDK8 values for 
CO,45^(0,17,1)+0(0,4 ,2)+0(0,13,3)] and cos[^ 5(0,20,5)+0(0,19, l)+<j>(Q, 1.4)] 
aro lower. Table 5'shows that the sots of cosines forming contributions to the 
respective pairs indicate that certain cosines be negative.
Table 5. Low TPROD and MDK8 values in conflicting S2 triplets
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h{hi or h^ ) — h — k{h^ )
TPROD MDKS
CTR
0 17 1 0 4 2 0 13 3 1.44 ---0.96 -0 .0 6 264.0
0 17 5 0 4 2 0 13 3 1.73 0.75 0.83 264.0
0 18 \] 0 19 1 0 1 4 1.85 1.13 -0 .31 389.0
0 20 5 0 19 1 0 1 4 1.26 0.07 0.30 389.0
iSixtoon S2 triplets whi(5h involve two dimensional reflections out of 186 
ne(<ded in phase determination are presented in Table 6 and 23 of those out of 528 
wli.ioh involve three dimensional reflections are profionted in Table 7. The cosine




h k - / i - k £Jign.s« TPS A TPROD MDKS
2 0 20 1 0 7 2 0 13 3 + 4- _ 0 3.30 2.12 2.2240 0 7 2 0 13 3 0 6 5 -f- 4- — 0 1.70 2.61 1.3140 0 7 2 0 13 3 0 20 5 + 4- — 0 1.65 1.80 0.82
11 0 20 1 0 12 6 0 8 7 + + - 0 2.14 1.38 1.20
34 0 16 1 0 4 5 0 12 6 + + _ 0 1.78 1.11 0.771 7 5 0 9 11 0 2 16 0 + 4- 0 3.31 1.02 1.3923 0 7 2 0 16 2 0 9 4 + + 0 1.89 1.52 1.037 0 20 1 0 17 5 0 3 6 + — 7T 2.23 2.46 2.27
144 0 6 2 0 9 4 0 3 6 + + 0 1.14 0.92 0,8614 7 2 0 1 18 0 6 20 0 + — n 2.03 1.43 1.2910 2 16 0 2 0 2 0 16 2 + —+ 0 2.15 1.85 1.3921 0 20 1 0 6 2 0 14 3 -I- 4- 0 1.90 1.21 1.60
68 0 8 0 9 11 0 9 19 0 + 4- _ 0 1.45 1,14 1.3449 7 3 0 2 16 0 9 19 0 + 4- _ 0 1.63 2.06 1.294 4 8 0 5 10 0 1 18 0 + 4- 0 2.62 0.61 0.6422 3 6 0 3 10 0 2 16 0 4- - + ir 1.89 1.82 0.78 .
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h lit - l l - h Signs T P S A -
TPROD M D K S
19 2 16 0 2 3 3 0 13 3 + h 7T 2.80 1.06 1.19
139 1 18 0 1 6 6 0 12 6 4" (1 2.20 1.46 1.44
27 9 11 0 9 8 1 0 19 1 _ — n 2.71 1.15 1.24
52 9 8 1 9 5 2 0 13 3 + - - 0 2.50 1.27 1.48
309 9 11 0 9 5 2 0 6 2 + — 4- 0 1.94 0.80 0.97
U 9 8 1 0 16 2 9 8 3 4- -f 4- 7T 2.92 1.00 0.59
173 7 5 0 2 3 3 9 8 3 H- H- — 0 2.14 1.45 1.07
90 7 5 0 9 8 3 2 13 3 H" - + 0 2.31 1.42 1.22
13 2 16 0 9 8 3 11 8 3 + + + 77 2.94 1.28 1.39
70 9 11 0 2 3 3 11 8 3 H ■[ H 7T 2.43 0.84 0.79
49 1 18 0 11 8 3 10 10 3 - - 7T 2.54 1.73 0.99
70 1 18 0 9 8 3 10 10 3 - h + 4- 0 2.40 1.02 0.99
311 9 8 1 2 0 2 11 8 3 1 - h _ 0 1.94 2.62 1.72
87 11 8 3 0 13 3 11 5 6 + + + 0 2.35 1.01 1.13
277 1 18 0 9 8 3 8 10 3 -1- — 77 1.96 1.19 0.72
8 9 8 1 0 20 1 9 12 2 1- 1 1 77 3.14 1.50 0.98
31 0 20 1 9 12 2 9 8 3 -1- H- 0 2.09 0.59 0*88
40 5 10 0 5 10 1 0 20 1 -h - - 77 2.59 0.81 0.98
476 12 0 0 0 7 2 12 7 2 1 1 — 0 1.83 2.11 1.62
475 5 10 0 2 3 3 3 7 3 1 - H- 0 1.83 1 .69 1.49
470 3 6 0 3 7 3 0 13 3 - h - 0 1.83 1.18 1.51
92 8 15 0 3 7 3 11 8 3 1 '1 -1- 0 2.33 1.25 1.00
16 8 15 0 8 5 1 0 20 1 h — - 77 2.87 1 .71 1.58
invariants corresponding to each of th<‘Ho triplets ar(^  computed by means of the 
triple product (Hauptman 1964) and the MDKS formulae (Hauptman 1972) 
using threslvolds of 2-0 and 1-3, resxDeotivoly. Tim triple product scaling para­
meter );as a value of 1350-0 and scaling parameters ili and K  used in the MDKS 
formula have values of 6-55 and 0-40, respectively. The set of in itia l phases 
assigned and the reason for their assignment are given in Table 8.
3 . Co n c l u s io n
Tn solving the structure of stryc^hnine sulfonic acid tetrahydrate, pair rela­
tions have proved to bo useful in obtaining the initial phases of about a dozen 
important reflections. Cosine invariants for triplets involving three dimensional
rofloctiojis aro also used in the phase dotormination and the phases of about 15 
tjire^ e dimensional reflections are derived before using the tangent formula for 
phase extension and refinement.
Table 8. Initial phases for strychnine sulfonic acid teirahydrate in the order 
in which they were determined











1 0 13 3 2.448 0.50 0.60
2 0 16 1 2.430 0.00 Origin 0.00
3 7 5 0 2.308 - 0 .6 0 - 0 .6 0
1 1 18 0 2.704 0.50 Bn anti 0 morph 0.60
5 12 0 0 2,072 1.00 1.00
() 4 8 0 2.165 1.00 S Relationship 1.00
7 fi 20 0 2.073 0.00 0.00
S 0 8 7 1.683 1.00 Pair with (0, 16, 1) 1.00
\) 0 20 1 2.921 0.00 Pair with (0, 8, 7) 0.00
10 0 18 3 2.156 0.00 Pairs with (0, 16, 1) and (0, 20, 1) 0 .00
1 1 0 1 5 1.678 0.00 Pairs with (0, 16, 1) and (0, 20, 1) 0 .00
12 0 7 3 1.786 - 0 .5 0 Pair with (0, 13, 3) - 0 .6 0
13 0 1 5 1.877 0.50 Pairs with (0, 13, 3) and (0, 7, 3) 0.50
1 1 0 19 1 1 .993 0.50 Pairs with (0, 13, 3) and (0, 1, 5) 0.50
15 0 (i 5 1.506 1.00 Pairs with (0, 18, 3) and (0, 20, 1) 1.00
Hi 9 1 1 0 2.475 0.50 Pair with (7, 5, 0) 0.60
17 0 17 1 1.838 0.50 Pairs with (0, 7, 3) and (0, 19, 1) 0.60
IS 0 17 r> 2.211 — 0.50 Pairs with (0, 19, 1) and (0, 17, 1) - 0 ,5 0
If) 0 7 2 2.148 0.50 2D Triples 2 and 40 0.60
20 0 20 r> 1 .460 1.00 Pairs with (0, 20, 1), (0, 6, 5) and 
(0, 18, 3); 2D Triple 46 1.00
21 0 12 6 2.032 1.00 2D Triples 11, 34 1.00
22 2 16 0 2.700 1.00 2D Triple J 1.00
23 0 3 3 1.973 - 0 .5 0 3D Triple 19 0.70
24 1 6 6 1.869 0.50 3D Triple 139 - 0 .6 8
25 9 8 1 2.658 1.00 3D Triple 27 0.99
2(i 9 6 2 1.862 0.60 3D Triple 62 0.46
27 0 6 2 1.967 0 .00 3D Triple 309; i:i 0 .00
28 0 16 2 2.431 0.00 Pair with (0, 6, 2) 0.00
29 0 A 2 1.490 1.00 Pair with (0, 6, 2) 1.00
30 9 8 3 2.190 0.00 3D Triples 14, 173 - 0 .0 4
31 2 13 3 2.131 0.50 3D Triple 96 0.44
32 0 9 4 1.684 0.60 2D Triple 23 0 .60
33 0 3 6 1.608 0.50 Pair with (0, 9, 4); 2D Triples 7 and 144 0 .60
34 7 2 0 1.090 - 0 .5 0 Pair with (1, 18, 0); 2D Triple 14 - 0 .6 0











































































1 . 0 0
0.00
Keasons
3D TriploB 49 and 70 
2D Triple 10; 3D Triple 311 
3D Triple 87 
3D Triple 277 
2D Triple 21
3D TripleH 8 and 31 
2D Triple 08 
2D Triple 49
Pairs with (7, 3, 0) and (9, 11,0) 
Pair with (1, 18, 0); 2D Triple 4
3D Triple 40 
3D Triple 476 
3D Triple 475
3D Triple 470 and 2D Ti iple 22 
Pairs with (3, 0, 0) and (6, 10, 0)
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